In cultured Aedes albopictus cells at 28 °C, Semliki Forest virus (SFV, an alphavirus; Wildy, I971) shows a latent period, growth rate and yield per cell similar to that obtained with the same virus in three vertebrate cell lines at 37 °C. SFV and the flavivirus Kunjin both grow more slowly and to lower titre in A. 
INTRODUCTION
In general togaviruses (Wildy, I97I ) are maintained in nature through transmission between susceptible vertebrate hosts by haematophagous arthropods (e.g. mosquito, ticks); they multiply in the tissues of both their vertebrate and invertebrate hosts (Mussgay, I964; Dalgarno & Davey, 1973) . Infection of cultured vertebrate cells is in general cytopathic, resulting in complete cell destruction. On the other hand, most light microscopic (La Motte, I96o; Thomas, I963; Lam & Marshall, I968) , fluorescent antibody (Doi, Shirasaka & Sasa, I967) and electron microscopic (Janzen, Rhodes & Doane, I97O; Whitfield, Murphy & Sudia, I97t) studies support the view that the replication of togaviruses does not harm the cells of the intact insect (see however Mims, Day & Marshall, I966) . This capacity of a single virus genome to replicate in both homeothermic and poikilothermic tissues and to elicit such markedly different responses in each is clearly of fundamental interest.
The establishment of continuous mosquito cell lines (Grace, I966; Singh, I967; Peleg, I968; Schneider, I969; Hsu, I97I) , has made it possible to undertake studies of togavirus replication in invertebrate cells similar to those already carried out in vertebrate cells. Data on virus susceptibility and yields are available for some of these cell lines (Dalgarno & Davey, i973) but no detailed kinetic studies of virus growth in mosquito cells have yet been reported. Such studies would permit a comparison of growth kinetics and other parameters of togavirus replication in vertebrate and invertebrate cells.
In this report we compare the short-term growth kinetics of an alphavirus and a flavivirus (Wildy, 197I ) in two mosquito cell lines with results from similar experiments with three vertebrate cell lines. The Semliki Forest virus-Aedes albopictus system was studied in some detail; adsorption characteristics and the percentage of cells infected under different conditions of infection were examined. The effect of temperature on SFV replication in A. albopictus and Vero cells was compared.
METHODS
Cells. Aedes albopictus cells (Singh, I967 ) were propagated according to Buckley (t969). The A. aegypti mixed cell line (Grace, I966) and 9 clones were from Dr T. D. C. Grace, C.S.I.R.O. Division of Entomology, Canberra. They were grown in medium (Grace, I962) containing either 1% Antheraea pernyi haemolymph (mixed line) or 1% Antheraea mylitta haemolymph (mixed line and clones). The A. aegypti cell line (Peleg, I968) was grown in medium (Grace, I962 ) 
Virus growth experiments
Mosquito cells. Except in Fig. I , cells were concentrated to 2 to Io × Io 6 cells/ml and infected by replacing growth medium with a mixture of stock virus in growth medium. In most experiments the dilution of virus stock in medium was I : Ioo or I : IOOO (exceptions are noted). After adsorption the cell suspension was centrifuged, washed in growth medium and centrifuged again. Following treatment with I : Io (v/v) immune ascitic fluid in growth medium (I h, 26 °C) the cells were washed ( × 3) in growth medium and finally incubated at 2 to 3 × ~o5 cells/ml. In several experiments antiserum treatment was not used; cells were washed ( × 3) in growth medium.
Vertebrate cells. After adsorption, monolayers were washed (×3) with phosphatebuffered saline (PBS) containing Ca 2+ and Mg 2+ and warm growth medium (5 ml) added; zero time is the time of addition of growth medium. At temperatures other than 37 °C, cells were incubated in water baths as a monolayer in screw-capped vials. All multiplicities are expressed as plaque-forming units (p.f.u.) assayed on the same cell type.
Infective centre assay
Mosquito cells. For each assay approximately 2 × Io 6 Aedes albopictus cells were suspended with gentle shaking and either washed ( × 3) at room temperature in Io ml of complete growth medium or washed ( × I) in growth medium and then incubated for I h at 26 °C in a I : 2 (V/V) mixture of undiluted immune ascitic fluid and growth medium. After the latter treatment cells were washed (× 3) in growth medium at room temperature. (Both these methods gave similar results and, except in one instance noted in the text, treatment with immune ascitic fluid was not used.) The cells were finally resuspended at o °C in a solution . Cell samples were counted in a haemocytometer and duplicate serial dilutions (o.I ml) plated on Vero monolayers. Overlay medium (o'5 ml) was added, and when set a further 5 ml was added. The undiluted cell suspension was centrifuged and the supernatant fluid assayed for free virus by the same procedure. A standard virus stock was assayed under the same conditions. The infective centre assay incorporates a correction (less than ~o %) for the presence of free virus in the supernatant fraction.
Vertebrate cells. Infected monolayers were washed ( x 3) with PBS and detached by trypsinizing at 37 °C. Detached cells were washed (x 3) in PBS and resuspended in ~ ml PBS. Infective centres were then assayed as described above.
RESULTS
The growth of SFV and Kunjin virus was examined in three mosquito cell lines (Aedes albopictus, Singh, [967; A. aegypti, Peleg, I968;  A. aegypti, Grace, I966) . Substantial have shown no effect ofAedes albopictus cell density (between 4 x io ~ and 4 x io ~ cells/ml) on the latent period of SFV growth.
t Yield calculated as total infectious virus (CAV+ EV) assayed at the end of the rise period and expressed as p.f.u./io * cells initially present. Table I. This Table also summarizes growth data for SFV and Kunjin in three vertebrate cell lines.
SFV growth
The growth kinetics of SFV in Aedes albopictus cells are similar in all respects to those in the three vertebrate cell lines studied (Fig. ~ A; Table I ). In A. aegypti cells (Peleg, I968) , growth is less rapid and to a lower final titre ( Fig. IB; Table I ; cf. Peleg, I969) . No c.p.e, was induced in the mosquito cell lines; in the vertebrate cell lines c.p.e, were evident by the end of the rise period.
The percentage of Aedes albopietus cells infected was dependent on the conditions of SFV adsorption. Infection was most efficient at o °C and 37 °C (Table 2) ; however, adsorption at o °C prolonged the latent period by I to 2 h compared to adsorption at 28 °C. Increasing the cell concentration during adsorption increased the percentage of cells infected (Table z) .
After 5, 45 and 9o min adsorption at 28 °C (input multiplicity, 2o p.f.u./cell), I6 ~, 24 and 5o ~ of the cells were infected. At input multiplicities of o-2, 2.o, zo and 2oo p.f.u./cell, 3"5 ~, Io ~, z4 ~ and 3o ~, respectively of the cells were infected when assayed after r h adsorption at z8 °C, followed by treatment with immune ascitic fluid for I h. By 2o h the same titre is reached at each multiplicity (Fig. 2) ; thus multiple cycles of infection occur after infection at low multiplicities. 
Kunjin growth
Kunjin virus grew more slowly than SFV in both mosquito and vertebrate cell lines; virus yields were low (Fig. I C, I D; Table I ). As with SFV, c.p.e, were evident only in vertebrate cells. (Grace, I966 ) Under a variety of incubation conditions no growth of SFV or Kunjin virus was obtained in Grace's 0966) Aedes aegypti cell line (Fig. 3) or in nine clones derived from it.
Lack of SFV and Kunjin growth in Aedes aegypti cells
Our failure to propagate Kunjin in this cell line is of interest since Rehacek (1968) demonstrated that it supported the limited growth of certan flaviviruses including Kunjin. We have no obvious explanation for this discrepancy except the possibility that the susceptibility of these cells to infection has changed in the interim.
Effect of temperature on growth of SFV in Aedes albopictus and Vero cells
The latent period is markedly temperature-dependent (Figs. 4 and 5) . In Aedes albopictus cells the minimum latent period is observed at approximately 28 °C; virus growth occurs at x5 °C, but not at 38"5 °C (Fig. 4) . In Vero cells, the minimum latent period is found at 37 to 39 °C; no growth occurs at 15 °C (Fig. 5) . ? Five separate adsorption experiments were performed at 28 °C to determine the standard deviation of the infective centre assay between experiments; in these experiments the s.d. is +2' 4 %
